This qualitative study explored the affordances provided by the integration of the NAO humanoid robot in three preschool classrooms. Using the Head Start Early Learning Outcomes Framework as a lens, the researchers qualitatively analyzed data from focus groups, observations, field notes and student artifacts, using grounded coding to uncover language and communication, physical, cognitive and social-emotional learning experiences for children. The researchers also examined interactions between the robot, children and teachers to identify successes and challenges experienced during the integration. Findings indicate the robot provided opportunities for student development in all learning domains. Students were intellectually curious about the robot; data showed their eagerness to "talk with," generate questions about, make eye contact with and learn more about the robot. Students viewed these interactions as twoway. The presence of the robot created much enthusiasm and excitement, resulting in the opportunity for students to practice waiting their turn and cooperation. Challenges uncovered show that teachers lacked experience and knowledge in the integration and operation of the robot. Despite these challenges, findings show that teachers welcomed the robot as a tool in the classroom to align with curriculum requirements and meet the developmental needs of children.
Introduction
Anthropomorphic robots are becoming increasingly prevalent as a technology that can be used in school classrooms, and early childhood (EC) settings are no exception. Extant studies show that these human-like robots have been used to examine social interaction (Tanaka, Cicourel, The National Association for the Education of Young Children (NAEYC) has recognized the potential of technology and has also called for more research to better understand the use of technology in EC settings (NAEYC, 2012) . To respond to academics' call for further investigation on humanoid robots and NAEYC's call for a better understanding of the use of technology, the authors explored the affordances provided by the NAO humanoid robot to teachers and students in an EC setting.
To determine how the NAO humanoid robot can support student learning, a qualitative methodology was selected. The Head Start Early Learning Outcomes Framework (U.S. Department of Education, 2015) was used as a framework for the study to uncover the cognitive, physical and social-emotional learning experiences for the children. This framework is grounded in a comprehensive body of research about what young children should know and be able to do to succeed in school (U.S. Department of Education, 2015) and provides the researchers with a comprehensive set of learning standards for this study. The researchers also examined the interactions between the robot, children and teachers to identify the successes and challenges experienced during the use of the robot in the EC classroom.
Practitioner Notes
What is already known about this topic
• Past research has shown that robots can be used to help students progress in some areas of learning and development.
• As the use of robots in classrooms is a recent technological development, the academic knowledge and understanding about how young children use and learn with robots is nascent. What this paper adds
• This study extends the academic understanding of how humanoid robots can be used to support early childhood learning.
• The findings show that the robots can be used to promote EC learning in the approaches to learning, social and emotional development, language and communication, cognition and perceptual, motor and physical development.
• Early childhood teachers face challenges as they integrate the robot, such as teachers' lack knowledge and experience with the robot, lack of preparation time, robot functionality limitations. Implications for policy and/or practice • These data show that humanoid robots can be used in early childhood settings to promote learning in social and emotional development, language and communication, cognition and perceptual, motor and physical development as articulated in the Head Start Early Learning Outcomes Framework.
• More professional development is needed to ensure that practitioners have sufficient knowledge about how to plan and integrate the use of humanoid robots in EC settings.
• Practitioners and policy makers need to be cognizant of the possibilities and limitations of the functionality of the robot as identified in this study.
Humanoid robots have also been examined in EC settings. Humanoid robots provide a more familiar type of robot to young children with recognizable features and characteristics (Tung, 2016) , and young children can interact socially with humanoid robots (Ioannou, et al., 2015; Tanaka et al., 2007) . The QRIO robot was used to assess the interaction between children and robots (Tanaka et al., 2007) . Results showed that children exhibited care-taking behaviors toward the robot and progressively treated the robot more as a peer than as a toy. The MecWilly robot was used to explore the use of a humanoid robot to help Italian kindergarten students learn English vocabulary. Results indicated that a robot can be as effective as a human counterpart in knowledge acquisition (Mazzoni & Benvenuti, 2015) . NAO, a third type of humanoid robot, was used to explore the kinds of interactions young children experienced with NAO and how the robot gained the children's attention and interest (Ioannou, et al., 2015) . These researchers report that 3-5-year-old children easily interacted with the humanoid robot, especially when NAO danced or needed help. While these studies identified important understandings of how young children interact and respond to humanoid robots, they did not fully address if robots can support in all the areas of learning and development for young children.
Academics (vis., Ioannou et al., 2015; Kanero et al., 2018; Kazakoff & Bers, 2014; Ros et al., 2014) call for further studies to gain a more robust understanding of the affordances of humanoid robots in the EC context in relation to student learning. Thus, the researchers of the present study chose to investigate how a humanoid robot can support student learning in an EC setting. The NAO humanoid robot (see Figure 1 ) was selected for three main reasons. First, it is the most advanced humanoid robot available in the U.S. where the research was conducted. NAO is an autonomous, programmable robot that has an advanced multimedia system, including four microphones, two speakers and two cameras. This allows the robot to perform many operations, including voice and facial recognition. Second, despite this advanced technology, NAO does not require the user to have extensive programming experience. Finally, past research showed that young children were comfortable interacting with NAO and viewed the robot more as a peer than a toy (Ioannou et al., 2015) . 
Head start early learning outcomes framework
The Head Start Early Learning Outcomes Framework (see Table 1 ) defines what young children should know and be able to do at various ages. It provides descriptions of how children should advance in major areas of learning and development, and specifies learning outcomes in those areas. The framework is divided into five domains: approaches to learning, social and emotional development, language and communication, cognition and perceptual, motor and physical development.
The authors of this framework suggest that early childhood educators should use the framework to guide choices in curriculum and learning materials, as well as to inform intentional teaching practices (U.S. Department of Education, 2015) . The authors of this study chose the Head Start Early Learning Outcomes Framework as a guide in developing and planning curriculum for use of the NAO robot in the EC classroom. This framework provided a research-based set of EC learning outcomes with which the researchers could analyze the learning opportunities provided by the NAO robot.
Purpose of the study
The purpose of this study is to explore how the use of humanoid robots in EC classrooms can support language and communication, physical, cognitive and social-emotional learning experiences for young students. To this end, there are three questions guiding this study:
1. How do the teachers envision integrating the humanoid robot into the EC curriculum? 2. How did teachers integrate the humanoid robot into the EC curriculum to support student learning within the language and communication, physical, cognitive and social-emotional domains of development? 
Methods

Participants
Three teachers, 3 teaching assistants (TAs) and 50 students (28 girls) participated in this study from three classes in an EC center located within an urban area in the southeastern United States. The classes were age-specific and included a 3-, 4-and 5-year-old classroom.
Context
The center serves approximately 90 students from ages 6 weeks to 5 years old. The student population was 62% White, 31% African American and 6% Asian, and approximately 25% received tuition assistance. The city is relatively ethnically diverse with 47% White and 43% Black residents (City Website, 2017) . The center had limited funding for technology, which resulted in minimal technology in the classrooms. Further, the teachers had limited time during school hours to attend professional development, collect resources and design their lessons.
Procedures
The study was conducted in three main phases: planning, implementation and reflection. During phase one, the teachers and TAs participated in a 1-hour professional development session led by the researchers to ensure the teachers understood the basic functionality of the NAO humanoid robot. The researchers referenced the Head Start Framework, which was the framework that guided instructional decisions at the center. Teacher participants were asked to make connections between the robot's functionality and the framework as they brainstormed about how they could use it in their classrooms. A week later, pre-implementation, semi-structured focus group interviews were held with the teachers and TAs on how they envisioned using the robot in the classroom to meet the learning objectives in the framework (see Appendix A).
During phase two, the teachers implemented two 30-45-minute lessons in each of the three classes using the NAO robot. The researchers acted as nonparticipant observers and only interacted with the teachers if specifically asked to help with a technical issue. In phase three, post-implementation, semi-structured focus group interviews were held with the teachers and TAs. The researchers asked the educators to reflect on their experiences with designing and implementing lessons with the robot (see Appendix A).
Data collection methods
The following data were collected for this study: initial and final semi-structured focus group responses, lesson observations, researcher field notes and student artifacts. Figure 2 provides a diagrammatic overview of the data collected across the three phases.
In phases one and three, semi-structured focus group interviews were audio recorded, transcribed and coded. In phase two, the researchers followed an ethnographic approach to observation to examine children's interactions with, and outcomes from, learning associated with the robot. Two researchers observed each of the lessons and individually kept observation notes about the structure of the lessons as well as detailed field notes on teacher and student actions, conversations and interactions with the robot. Student artifacts were also examined.
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Coding Data from the focus group transcriptions, observation notes, field notes and student artifacts were coded separately for each of the phases. There were four focus group sessions, totalling 98 min and 18,732 words. Observations and field notes totalled 14,191 words. Student artifacts included drawings, projects and storytelling. The researchers used the five Head Start (U.S. Department of Education, 2015) a priori codes to uncover ways the robot supported student learning, as well as two additional a priori codes to uncover successes and challenges to integrating the robot into the curriculum. Grounded coding of all the data sources was then used to uncover other pertinent aspects of robot integration. Two researchers used a constant comparative method (Strauss & Corbin, 2008) to iteratively and inductively code the data sources, achieving 95.9% interrater reliability. The open codes were deemed to be theoretically saturated once all the responses fit into one of the existing categories. Next, axial coding (Strauss & Corbin, 2008) was used to make connections between codes. Across the three phases, three axial codes emerged: pedagogy, classroom management and teacher perceptions. The open and axial codes across the three phases can be found in Figure 3 .
Findings
The consolidated report of the findings across the planning, implementation and reflection phases of this study is presented to address the three research questions. The first section of the findings reports on the integration of the robot connected to the Head Start Framework. Then the main topics uncovered from the grounded coding: teacher perceptions; and pedagogy and classroom management are elucidated. The final section presents the successes and challenges of the robot implementation.
Head start framework
The findings presented in Table 2 show three sets of data in relation to the Head Start Framework: 1) The teachers' anticipated activities, 2) How the teachers implemented the NAO robot in the classroom and 3) How the students interacted with the robot. These data occurred over the first two phases of the study.
The data in Table 2 show that the teachers planned for and succeeded in implementing the robot across all five domains of the Head Start Framework. In addition, this integration is reflected in how the students interacted with the robot across all five domains. 
Teacher perceptions
Grounded coding revealed a pattern of teacher perceptions about humanoid robots in the EC classroom. Table 3 shows the open codes and examples of the teacher perceptions from the three phases. The data were consistent over the implementation and reflection phases and thus are presented together. Table 3 shows that the teachers had high expectations and were open minded toward the integration of the robot in the planning phase. The findings show that upon reflecting on the integration of the robot, teachers were able to identify the challenges they experienced when using the robot as well as future instructional opportunities.
Pedagogy and classroom management
From the open coding of the focus group interviews, lesson observations, field notes and student artifacts, the themes of pedagogy and classroom management emerged across all three phases. As these two topics are closely related, they are reported together in Table 4 . Additionally, the same open codes were identified in phases two and three and thus are reported together. Table 4 shows that despite the ways the teachers thought about using the robot in the classroom, they did not appear to follow through with their plans. During the focus groups, each of the teachers identified ways in which the robot could support a predetermined learning activity and outcome. However, once in the classroom, the teachers allowed the robot and children to dictate "Libby hasn't been very cooperative, and the kids got kind of bored really quick because they are four and five." the lesson. The robot does appear to have been used as a classroom management tool, especially in helping with student behaviors.
Successes and challenges
Across the three phases, the data revealed successes and challenges to integrating the robot into the EC classroom (see Table 5 ). Table 5 shows that the implementation of the robot provided both successes and challenges. It appears from the findings that the integration of the robot did support language and communication, physical, cognitive and social-emotional learning experiences for young students. Other successes included the teacher's ability to make pedagogical decisions about the use of the robot in the classroom. Additionally, the teachers held high levels of enthusiasm for the use of the robot. Challenges centered mainly on classroom management during the lessons, as well as teacher preparation and knowledge regarding the use of the robot.
Discussion
The findings address the three research questions by providing an important cross-referenced review of the data. The discussion is organized in response to the three research questions: in section one, teacher perceptions and plans for how they anticipated using the NAO robot are explained; in section two, the teacher's integration of the robot and children's interactions are elucidated; in section three, the successes and challenges while using the robot in the EC context are delineated.
Teacher plans for integrating the humanoid robot
The data show that teachers and TAs strongly believed in exposing the students to technology in the EC classroom to positively impact future academic success and career interests. The teachers were able to provide examples of integration for all the central domains of the Head Start Framework (see Table 2 ). As they discussed each of the domains, they identified specific examples of lessons and activities where the students could learn with the robot (e.g., singing, dancing or reading books with the robot) or from the robot (e.g., robot provided support with spelling, 
Successes Challenges
The use of the robot aligned with the Head Start curriculum framework.
Some students had short attention spans and lost patience. Students were able to interact with the robot.
One robot for all students. Students had a hard time waiting their turn. Students showed interest and engagement.
Teachers' lacked experience with robot. The robot sparked student curiosity and questioning.
Instances of unsuccessful communication with robot. The use of the robot in small group activities.
Lack of confidence in how to use robot, program robot. Not sure how to work robot (commands & procedures). Impact of robot use on social development, empathy, manners, academics
Need more professional development integrating the robot. Teachers were enthusiastic about using the robot in the future to build their understanding and ability to further integrate the robot.
Lack of time to prepare to use robot during school hours.
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© 2018 British Educational Research Association counting or calendar skills). They envisioned the robot as a tool for learning where the robot was an integral part of the lesson, either to model appropriate behavior or skills (e.g., following directions, movement or thinking processes) or to provide direct instruction to students through feedback or prompts for students to deepen their learning.
Integration of the humanoid robot in the EC curriculum
In the planning phase, each of the teachers generated specific ideas regarding how they could integrate the robot into their curriculum and address the Head Start Framework. However, during the implementation phase, there were mixed results as to the execution of those ideas. In all classrooms, the teachers planned for the robot to join the students during circle time where the teachers introduced the robot, outlined the classroom rules and protocol for interacting with the robot, modeled how to provide voice commands to the robot and provided opportunities for students to practice talking, walking and dancing with the robot. However, in the 2-year and 3-year-old classrooms, the teachers allowed the robot's functionality and student's curiosity to lead the lesson rather than using a predetermined plan for the use of the robot. Nevertheless, this exploratory approach allowed for numerous opportunities to integrate the robot into EC curricular areas. For example, the teacher introduced the robot to the class and asked the students what they wanted to know about the robot. The students had the opportunity to approach the robot and ask specific questions. This aligned with the language and communication domain.
The teachers working with the 5-year-old children extended the learning experience by planning a weeklong, center-based robot unit. After the initial circle time outlined above, the students then broke up into various centers, including building a robot on the interactive white board, writing or drawing about or to the robot, reading books about robots and engineering a robot out of Legos. One day, the NAO robot was used in a single center where the teachers allowed the students to ask questions and interact with the robot in an exploratory manner. On another day, the robot moved around the room and visited the students at the centers. This holistic approach allowed students to interact with the robot and participate in robot-themed activities that addressed many of the EC curricular areas.
In all classrooms, the integration of the NAO robot supported learning opportunities aligned with each of the domains of the Head Start Framework. Previous research by Ioannou et al. (2015) and Tanaka et al. (2007) reported opportunities for social-emotional growth when a robot was introduced into the EC classroom. The results of this research study corroborate and extend these findings. Researchers noted that the students were eager to "talk with" the robot and understand who he was and what he could do. Students were intellectually curious about the robot. They had many questions for the robot and were eager to participate in learning more about him. The presence of the robot created much enthusiasm and excitement, and this created a need for students to practice the skills of waiting their turn and cooperating (see Figure 4) . The students expressed alarm when the robot fell, indicating empathy and their concern that the robot was hurt and needed help getting up.
The presence of the robot allowed for numerous opportunities for language and communication. and Mazzoni and Benvenuti (2015) both reported that the use of non-humanoid robots was effective in helping students learn vocabulary in a natural and authentic manner.
In the current study, the researchers observed additional opportunities for language and communication development using a humanoid robot. During the observations, it was noted by the researchers that the students naturally talked to the robot, made eye contact and even knelt to the robot's level. They expected the robot to communicate back and respond to their questions. They seemed to understand that the relationship was two-way and that they needed to give (talk,
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The use of the robot provided cognitive development opportunities in mathematics. Students were eager to count with the robot and share their ability to compare their math knowledge with the robot. The 5-year-old students were able to practice simple addition by comparing the number of fingers on the robot to their own and then adding the total number of fingers they had together. Previous researchers (Bers, 2010 , Highfield, 2010 , Kazakoff & Bers, 2014 , Kazakoff, Sullivan & Bers, 2013 , Mousa, Ismail & El Salam, 2017 have all reported mathematical learning opportunities provided by different types of robots in an EC classroom setting. Research from this study adds to a growing body of research evidence that humanoid robots can provide learning opportunities in mathematics for young children. The development of physical motor skills was supported by the use of the robot, especially when the robot danced. The students were eager to follow the dance actions of the robot and were very motivated to move like the robot (see Figure 5 ). Following the actions of the robot provided them the opportunity to practice their balance and develop their flexibility.
Successes and challenges
During the implementation and reflection phases, the data revealed several successes and challenges regarding the implementation of the robot in the classroom.
Successes
The data show that the robot could be used to promote language and communication, physical, cognitive and social-emotional learning experiences for children. Both teachers and students were very enthusiastic about the presence of the robot in the classroom. The robot provided an exciting and novel learning stimulus, and students responded with enthusiasm and curiosity. When the robot walked into the classroom, all eyes were on the robot and the students were full of questions. At other times of the day, students talked about and took initiative to integrate their new knowledge about robots into their speech and play. In the post-implementation focus group, teachers outlined numerous curricular connections they would like to try, particularly with scientific reasoning and math. If the opportunity were available, the teachers reported they would choose to use the robot on a more regular basis.
Challenges It appears that a large challenge was the lack of teacher knowledge on how to plan for and operate the robot. As robots are not a common tool in EC settings, there was a minimal base of knowledge and experience for teachers to build upon. The initial focus group enabled the teachers to make plans for using the robot in their classroom, but their limited knowledge and experience impeded their ability to implement those ideas. Another main challenge was the operation of the robot in this setting. The robot responds to a human voice and if there is extraneous noise in the background the robot cannot distinguish the command. When this happened in the classroom, the robot did not respond to the command, which caused frustration on the part of teachers and students.
Limitations and future research
This study was conducted in one geographic region with a small population over a short period of time. These factors limit the generalization of the results. An additional limitation was that the teachers received a short amount of professional development about the robot. More time would have provided a deeper knowledge base for the teachers to draw upon while planning and implementing their lessons with the robot. The findings of this study indicate that robots can be used to help young children grow in key areas of learning and development; however, more research is needed in a variety of settings and for more extended periods of time to support these findings.
Conclusion
The use of robots in classrooms is in the nascent stage. This study is in response to a call from academics (vis., Ioannou et al., 2015 , Kanero et al., 2018 Kazakoff & Bers, 2014 , & Ros et al., 2014 that more research is needed to determine the affordances of humanoid robots for EC learning. While previous research found that various types of robots can be used to support certain areas of learning, the findings of this research extends the academic understanding of how humanoid robots can be used to support EC learning. More specifically, these findings show that humanoid robots can provide opportunities to promote EC learning in approaches to learning, social and emotional development, language and communication, cognition and perceptual, motor and physical development. From the data, it appears that the use of the robot provided pedagogical opportunities that can be used to promote learning in all five areas. In addition, data show students were able to be actively involved in those learning opportunities.
In the examination of the successes and challenges to EC teachers integrating the robot, the successes in the classroom were closely interconnected to the challenges. The successes include the use of the robot to provide those pedagogical opportunities and students were actively involved in learning; however, the findings also show that robot integration was difficult due to the lack of teacher knowledge and experience in how to operate and integrate the robot into the curriculum. Furthermore, the robot also had limitations that inhibited the functionality of the tool.
To summarize, the findings of this study show that humanoid robots are a tool that can provide educational opportunities to promote EC learning in each of the central domains of the Head Start Early Learning Outcomes Framework. As with many new tools in the classroom, teachers' levels of experience and knowledge impact their ability to plan for and integrate the tool into instruction. As teachers gain experience using robots and better understand the affordances and limitations, they may be able to extend the benefits for young children. For schools and districts considering using robots, such as NAO, teachers need professional development and time to consider and plan for learning activities that best make use of this tool for EC learning. The findings of this study can be used to support teachers, educational leaders, policy makers and funders in considering the educational benefits of robots in EC settings.
